INTRODUCTION
============

Since the introduction of femorofemoral crossover bypass (FCB) by Freeman and Leeds in 1952 \[[@b1-vsi-33-055]\], it has been used as an alternative to anatomic reconstruction for high risk patient with unilateral iliac occlusive disease. At present, most patients with symptomatic iliac stenosis or occlusion are treated primarily with angioplasty and stenting \[[@b2-vsi-33-055]\]. However, open surgical treatment is still recommended for a long iliac occlusion \[[@b3-vsi-33-055]\].

There have been many reports about the results of FCB. Most of the studies were limited to the 5 years results \[[@b4-vsi-33-055]\]. In order to examine the long-term usefulness of FCB and to determine which factors influence the outcome of the procedure, we retrospectively analyzed the FCB that was performed over a ten year period at our institution.

MATERIALS AND METHODS
=====================

Between January 1995 and December 2010, 133 patients were operated on for uni-lateral iliac occlusive disease at Samsung Medical Center (median follow-up: 58.8 months).

Our indication of FCB is an uniliac occlusive disease with good iliac artery as inflow and femoral artery as out flow. We retrospectively reviewed the medical record of the patients. The patients' characteristics, including the demographic data, the cardiovascular risk factors, the indications for surgery, the preoperative treatment, the ankle--brachial pressure index, the operative procedure and material used and the medication after the operation were analyzed.

All patients were prescribed antiplatelet or anticoagulation and lipid-lowering medication during follow-up. Graft surveillance was performed using the ankle brachial index (ABI) after surgery and at 6 months, 12 months, and then annually. Computed tomography (CT) angiography or duplex scans were performed at 12 months and annually after bypass. Intervention was performed when occlusion and stenosis were observed on CT and duplex scans along with a decrease of \>15% in the ABI score.

Chi-square tests or the Mann-Whitney U-test was used to compare the characteristics between the patent and occlusive groups. Wilcoson's sign ranked test was used for pairwise comparison of the pre- and postoperative ankle--brachial pressure index. The cumulative patency rates were calculated with the Kaplan-Meier method. The factors influencing the long-term patency of the femorofemoral graft were tested with univariate and multivariate analyses. After univariate analysis with the log-rank test, the variables were applied into Cox's proportional hazard model for multivariate analysis.

RESULTS
=======

The patients' characteristics, including the demographic data, the cardiovascular risk factors, the indications for surgery, the preoperative treatment, the ankle--brachial pressure index, the operative procedure are shown in [Table 1](#t1-vsi-33-055){ref-type="table"}, [Table 2](#t2-vsi-33-055){ref-type="table"}. Fifty patients were treated with donor iliac artery intervention preoperatively or intraoperatively.

The 30 days mortality was 2.26% (n=3). The causes of mortality were intracranial hemorrhage, acute respiratory failure and myocardial infarction. The mean follow-up period was 58.0 months (range, 1--156 months). During follow-up, 32 patients showed graft occlusion due to thrombosis. The mean interval time between femorofemoral bypass surgery to graft occlusion was 30.8 months (range, 0.2--107 months). Among 32 patients of graft occlusion, 25 patients (18.8%) underwent thrombectomy due to recurrent ischemic symptoms.

There were 2 infected grafts, and FCB graft removals were performed. After graft removals, ilio-femoral obturator bypass in one case and axillorfemoral bypass in other case were performed. Seventy-three patients were live and 16 were dead. Eleven patients were lost to follow-up. The overall primary cumulative patency rates at 1-, 3-, 5-, and 10-year were 89%±3%, 78%±4%, 70%±1%, and 31%±1%, respectively. The secondary cumulative patency rates at 1, 3, 5 and 10-year were 97%±2%, 90%±2%, 85%±4%, and 67%±7%, respectively ([Fig. 1](#f1-vsi-33-055){ref-type="fig"}). The limb salvage rates at 5- and 10-year were 97% and 95%, respectively.

The influence of gender, age, cardiovascular factors, preoperative treatment and a simultaneous procedure on the clinical outcome and patency was examined. Univariate analysis revealed that smoking influenced the long term patency of the grafts, but on the multivariate analysis, none of the variables was associated with graft patency ([Table 3](#t3-vsi-33-055){ref-type="table"}).

DISCUSSION
==========

Different surgical approaches can be used to treat unilateral iliac artery occlusionn. Aortofemoral bypass is the procedure of choice in patients with severe iliac occlusive disease and who are at a low risk for a surgical procedure. More recently percutaneous transluminal angioplasty and stenting were introduced to treat stenosis and occlusion of TASC A or B in unilateral iliac occlusive disease. At present, the main anatomic indications to this surgical procedure are derived from the TASCII recommendations. The indications for surgery are long segment unilateral iliac disease corresponding to type C or D lesion \[[@b4-vsi-33-055]\]. FCB represents a valuable alternative option to anatomic bypass for unilateral iliac occlusive disease in patients with prohibitive surgical risks for aortic surgery or a poor general condition, coronary artery disease, chronic obstructive pulmonary disease or a local condition such as a hostile abdomen, sepsis or a porcelain aorta \[[@b5-vsi-33-055],[@b6-vsi-33-055]\].

Our study showed a good patency rate like other FCB studies \[[@b3-vsi-33-055],[@b4-vsi-33-055]\]. But Schneider et al. \[[@b7-vsi-33-055]\] reported that the results of FCB were clearly inferior to the results of aortofemoral bypass. Especially, younger patients profited from direct reconstruction. So it is necessary to conduct a randomized trial between direct reconstruction and extra-anatomical reconstruction.

In our study the perioperative mortality rate was 2.26%. In most of the previous studies, the perioperative mortality was reported as 0% to 5% \[[@b2-vsi-33-055],[@b3-vsi-33-055],[@b8-vsi-33-055]\]. More recently, several series have reported better long-term results with the operative mortality under 3% and the 5-year patency rate exceeding 90% \[[@b3-vsi-33-055],[@b9-vsi-33-055]\]. In our study, the primary patency rate at 5 years was 70% and at 10 years it was 31%, but the secondary patency rate at 5 years was 85% and at 10 years it was 67%. Capoccia et al. \[[@b3-vsi-33-055]\] recently reported a 65%--83% primary patency rate at 5 years. Mingoli et al. \[[@b10-vsi-33-055]\] reported the at 10 years primary and secondary patency rates were 48.1% and 63.2%, respectively, like our study. Consequently, the reports that included the 5-year results were much more common for FCB, which allows a more confident assessment of long-term patency \[[@b11-vsi-33-055],[@b12-vsi-33-055]\].

Our primary graft patency rate suddenly dropped at 36 months after bypass like other study. Graft occlusion occurring between 6 months and 3 years after surgery is usually due to anastomotic intimal hyperplasia \[[@b13-vsi-33-055]\]. Late graft thrombosis is often secondary to progression of distal atherosclerotic disease. Maybe more important factor effecting FCB graft patency rate is distal artery disease state after intimal hyperplasia.

In this study, no predictors and influencing factors for the patency rates were identified. Most of the studies dealing with FCB lacked a detailed description of several variables that might have substantially influenced the results. The various series have not supplied a detailed breakdown of the results on the basis of the operative indications, symptoms, failure of previous bypass grafts, the operative risk, the material used for reconstruction, the presence of an externally supported graft, preoperative evaluation of the donor iliac artery and the procedures adopted to improve the outflow \[[@b6-vsi-33-055],[@b8-vsi-33-055],[@b12-vsi-33-055]\]. The lack of well-defined categorizations of results according to these important variables creates a bias in the analysis of the long-term outcome. Furthermore, to the best of our knowledge, no randomized clinical studies have compared the results of FCB performed in patients at a low risk and who have with a good life expectancy.

Our study gives a detailed description of long term usefulness of FCB with taking into account not only the patency rates, but also the clinical efficacy. We conclude that FCB in patients with symptom caused by unilateral iliac artery disease is still a valuable alternative treatment modality.
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![Comparison of the primary and secondary cumulative patency of femorofemoral bypass shows that the one-year primary and secondary patency rates were 89%±3% and 97%±2%, the 5 year primary and secondary patency rates were 70%±1% and 85%±4% and the 10 year primary and secondary patency rates were 31%±1% and 67%±7%, respectively.](vsi-33-055f1){#f1-vsi-33-055}

###### 

Patient characteristics

  Variable                                 Patient (n=133)
  ---------------------------------------- -----------------
  Demographics                             
   Age (y)                                 65±9.3
   Male                                    126 (94.7)
  Indication                               
   Claudication                            110 (82.7)
   Critical limb ischemia                  23 (17.3)
  Coexisting medical condition             
   Smoking                                 95 (71.4)
   Hypertension                            79 (59.4)
   Coronary artery disease                 37 (27.8)
   Diabetes mellitus                       31 (23.3)
   Cerebrovascular disease                 24 (18.0)
   Chronic obstructive pulmonary disease   11 (8.3)
   Chronic renal failure                   3 (2.3)
   Malignancy                              8 (6.0)
  Preoperative ABI                         
   Donor leg                               0.89±0.28
   Symptomatic leg                         0.48±0.26
  Postoperative ABI                        
   Donor leg                               0.82±0.31
   Symptomatic leg                         0.75±0.37
  Patent tibial artery (n)                 
   1                                       24 (18.0)
   2                                       58 (43.6)
   3                                       51 (38.3)

Values are presented as mean±standard deviation or number (%).

ABI, ankle brachial index.

###### 

Operative procedures and inflow procedures

  Operative procedure      Patient (n=133)
  ------------------------ -----------------
  Graft material           
   PTFE                    112 (84.2)
   Dacron                  21 (15.8)
  Flow direction           
   Right to left           68 (51.1)
   Left to right           65 (48.9)
  Proximal anastomosis     
   CFA                     121 (91.0)
   SFA                     12 (9.0)
  Distal anastomosis       
   CFA                     101 (75.9)
   SFA                     32 (24.1)
  Femoral endarterectomy   
   Yes                     26 (19.5)
   No                      107 (80.5)
  Inflow procedure         
   Iliac endarectomy       2 (1.5)
   Iliac PTA               50 (37.6)

Values are presented as number (%).

PTFE, polytetrafluoroethylene; CFA, common femoral artery; SFA, supeficial femoral artery; PTA, percutaneous transluminal angioplasty.

###### 

Univariate and multivariate analysis of the risk factors for graft occlusion (n=133)

  Variable                    Uvivariate analysis   Multivariate analysis                   
  --------------------------- --------------------- ----------------------- --------------- -------
  Age                         0.841--1.1256         0.62                    0.904--1.017    0.908
  Gender                      0.034--13.017         1.00                    0.072--10.318   0.918
  Smoking                     1.212--3.561          0.021                   0.033--3.440    0.079
  Cerebral vascular disease   1.131--2.128          0.012                   0.022--1.495    0.112
  Hypertension                0.898--2.954          0.098                   0.509--3.332    0.581
  Coronary artery disease     1.123--8.645          0.047                   0.982--10.741   0.055
  Diabetes mellitus           0.502--9.513          0.238                   0.419--12.428   0.340
  Indication                  0.518--5.844          0.432                   0.496--4.556    0.471
  Femoral endarectomy         0.286--1.452          0.249                   0.153--1.955    0.353

CI, confidence interval.
